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RESISTANT, HIGH TEMPERATURE BEARING STEEL
by R. J. Parked and R. S. Hodder2
ABSTRACT
The rolling-element fatigue lives of AMS 5749 and AISI M-50 were
°	 compared in tests run in the five-ball fatigue tester and the rolling-
contact (RC) fatigue tester. The effects of double vacuum melting and
retained austenite on the life of AMS 5749 were determined in five-ball
fatigue tests. The double vacuum melting process consisted of induction
vacuum melting followed by vacuum are remelting (VIM-VAR). In the
five-ball tests, VIM-VAR AMS 5749 gave lives at least six times that
of VIM-VAR AISI M-50. Similar tests in the rolling-contact (RC)
fatigue tester showed no significant difference in the lives of the two
materials. The rolling-element fatigue life of VIM-VAR AMS 5749 was
at least 14 times that of vacuum induction melted AMS 5749. A trend
toward increased rolling-element fatigue life with decreased retained
austenite is apparent, but the confidence that the all experimental
differences are significant is not great. The highest level of retained
austenite, 14.6 percent, is, however, significantly detrimental to rolling-
element fatigue life, relative to the intermediate level of 11. 1 percent.
1 NASA, Lewis Research Center, Cleveland, Ohio; Member ASME
2 Latrobe Steel Co. , Latrobe, Pennsylvania.
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2INTRODUCTION
Rolling-element bearings for aircraft turbine engine mainshaft
applications are generally specified to be made of AISI M-50 steel.
Current aircraft turbine engine manufacturers' material specifications
require a double vacuum melted (VIM-VAR, for vacuum induction melt,
vacuum arc remelt) AISI M-50 steel for mainshaft bearings. With this
material, ball bearing fatigue lives of nearly 100 times AFBMA pre-
dicted life have been obtained [ 1]. Reduction in inclusion content,
trace elements, and interstitial gas content is considered responsible
for a major portion of this life advancement [2]. AISI M-50 also has
the hot hardness and hardness retention ability for long-life rolling-
element bearing operation at temperatures up to 588 K (600 0 F) [3].
A material, AMS 5749 steel, has been developed which combines
the tempering, hot hardness, and hardness retention characteristics
of AISI M-50 steel with the corrosion and oxidation resistance of AISI
440C stainless steel [4, 5]. This material, with typical chemical com-
position shown in Table 1, contains higher percentages of carbon and
chromium than AISI M-50 for improved corrosion and wear resistance.
The hot hardness and hardness retention of AMS 5749 is improved over
AISI 440C and similar to AISI M-50 [5]. Additional hot hardness data
for AMS 5749 is shown in [6] where the material is identified as
"a modified AISI 440C 11 . Preliminary data presented in [2], indicates
that VIM-VAR AMS 5749 has a rolling-element fatigue life similar to
that of VIM-VAR AISI M-50.
It is a well-established fact that for reasons of dimensional stability,
a low level of retained austenite is desirable for critical bearing com-
f
3ponents. Typical requirements are 5 percent or 2 percent maximum.
For this reason little work has been directed at fatigue life studies of
steels exhibiting higher levels of retained austenite. However, some
unpublished work with AISI M-50 has indicated that fatigue life may
improve with increased retained austenite. AMS 5749 steel, because
of its alloy content, tends to retain higher levels of austenite, but
levels as low as 5 percent are attainable with suitable heat treatment.
This characteristic allowed development of appropriate test material
with varied retained austenite present, while other characteristics
such as hardness remained constant.
The objective of this research was (1) compare the rolling-element
fatigue life of AMS 5749 with AISI M-50 steel, (2) determine the effect
of double vacuum melting (VIM-VAR) on the fatigue life of AMS 5749,
and (3) determine the effect of retained austenite on the fatigue life of
AMS 5749.
The objective was accomplished by running rolling-element fatigue
tests in the five-ball fatigue tester and the rolling-contact (RC) fatigue
tester. In the five-ball fatigue tester, groups of VIM-VAR AMS 5749
balls with different amounts of retained austenite and one group of
VIM AMS 5749 balls were tested. In addition, a group of VIM-VAR
AISI M-50 balls were tested for comparison purposes. Test condi-
tions included a shaft speed of 10 000 rpm, a contact angle of 300,
a maximum Hertz stress of 5520 MPa (800 000 psi), and a temperature
of 340 K (1500 F). In the RC tests, bars of VIM-VAR AMS 5749 were
tested. Test conditions in the RC fatigue tester included a test bar
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speed of 10 000 rpm, a maximum Hertz stress of 4830 MPa (700 000 psi),
and room temperature.
TEST SPECIMENS
Test Balls
The 1.27-cm (1/2-in.) diameter VIM-VAR AMS 5749 balls used in
these tests were from a single heat of material. Likewise, the VIM
AMS 5749 and the VIM-VAR AISI M-50 balls were from single heats of
the respective materials. The balls were heat treated according to the
specifications given in Table 2 (a) . The retained austenite variation is
shown in Table 3. The hardness of the three lots of VIM-VAR AMS 5749
was maintained at a constant 64±0.2 Rockwell C. All balls were finished
to grade 10 specifications, including surface finish of 5.0x10 -6 cm
(2 gin.) rms or better.
Test Bars
The RC test bars were 7.62 cm (3.00 in.) long and 0.952 cm
(0. 375 in.) in diameter with a surface finish of 30x10-6
 cm (12 µin. )
rms or better. The three lots of VIM-VAR AMS 5749 were tested,
with no difference intended, except to be representative of three sepa-
rate material heats. The bars were heat treated according to the spec-
ifications given in Table 2(b). Hardnesses of the three lots E, F, and
G were 61. 2, 62. 3, and 62. 3, respectively. The retained austenite in
these bars was not measured and the test bars have been discarded.
But, based on the specific heat treatment used and previous experience
with the material, the retained austenite level is assumed to be in the
range of 4 to 5 percent.
5APPARATUS AND PROCEDURE
In order to economically study rolling-element fatigue, accelerated
fatigue tests are typically run on bench type fatigue testers. In this
study, two types of testers were employed; the five-ball fatigue tester
and the rolling-contact (RC) fatigue tester.
Five-Ball Fatigue Tester
The NASA five-ball fatigue tester is shown in Fig. 1 and is de-
scribed in detail in [7]. This fatigue tester consists essentially of an
upper test ball pyramided upon four lower balls that are positioned by
a separator and are free to rotate in an angular-contact raceway.
System loading and drive are supplied through a vertical drive shaft,
which grips the upper-test. ball. For every revolution of the drive
shaft, the upper-test ball receives three stress cycles from the lower
balls.
Lubrication is provided by a once-through, mist lubrication system.
The lubricant was a super-refined naphthenic mineral oil with a vis-
cosity of 79 centistokes at 311 K (1000
 F). Vibration instrumentation
detects a fatigue failure on either the upper or the lower ball and
automatically shuts down the tester. This provision allows unmoni-
tored operation and a consistent criterion for failure.
Rolling-Contact (RC) Fatigue Tester
The RC fatigue tester is shown in Fig. 2. The test bar is mounted
in a precision chuck and driven by an electric motor. Two 19. 1 cm-
(7.50 in. -) diameter rollers with a crown radius of 0.64 cm (0.25 in.)
are loaded against the test bar with a micrometer threaded turnbuckle
j
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6and calibrated load cell. The concentrated Hertzian contact between
the rollers and the test bar is lubricated by drip feeding The lubri-
cant used in these tests was a MIL-L-7808F with a viscosity of 15.2
centistokes at 311 K (1000 F). The test bar is rotated at 10 000 rpm,
thus receiving 20 000 stress cycles per minute from the pair of rollers.
Vibration instrumentation detects a fatigue failure and terminates the
test.
Fatigue Testing Procedure
In the five-ball tests, a new set of five balls was used for each
test of the group of 21 to 40 tests for each material lot. Each test
was suspended when a fatigue failure occurred on either a lower or
an upper test ball or when a preset cutoff time was reached.
In the RC tests, a single bar was used for four or five tests by
moving it to various axial positions in the chuck. Each test was run
to fatigue failure.
Method of Presenting Fatigue Results
The statistical methods of [ 8] for analyzing rolling-element fatigue
data were used to obtain a plot of the log-log of the reciprocal of the
probability of survival as a function of the log of stress cycles to failure
(Weibull coordinates). For convenience, the ordinate is graduated in
statistical percent of specimens failed. From a plot such as this, the
number of stress cycles necessary to fail any given portion of the speci-
men group may be determined.
For purposes of comparison, the 10-percent and 50-percent lives
on the Weibull plot were used. The 10-percent life is the number of
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stress cycles within which 10 percent of the specimens can be expected
to fail; this 10-percent life is equivalent to a 90-percent probability of
survival. The failure index indicates the number of specimens that
failed out of those tested.
Confidence numbers were calculated by methods of [8], which
indicates the statistical significance of the fatigue life results. A con-
fidence number is the probability, expressed as a percentage, that a
given lot used as baseline, has a fatigue life greater than that of the
particular lot being considered. A confidence number of 95 percent or
grer..cer, which is a 2 v confidence level, indicates a high degree of
certainty.
RESULTS AND DISCUSSION
Fatigue Results
The rolling-element fatigue lives of VIM and VIM-VAR AMS 5749,
and VIM-VAR ALSI M-50 were compared in tests run in the five-ball
fatigue tester and the rolling-contact fatigue tester. In the five-ball
tester, groups of 1.27 cm (1/2 in.) diameter balls of each material
were tested at a maximum Hertz stress of 5520 MPa (800 000 psi),
a contact angle of 300 , and a shaft speed of 10 000 rpm. Tests were
run at a race temperature of 340 K (150 0 F) with a super-refined
naphthenic mineral oil as the lubricant. In the RC tests, bars of
VIM-VAR AMS 5749 were tested at a maximum Hertz stress of 4830
MPa (700 000 psi), a test bar speed of 10 000 rpm, and room tem-
perature with a MIL-L-7808F lubricant.
8The results of the fatigue tests are shown in the Weibull plots of
Figs. 3 to 6. Summary Weibull plots are shown in Figs. 7 and 8, and
the results are sunimarized in Tables 4 and 5.
Effect of Retained Austenite
The comparison of the 10-percent lives of the three lots of VIM-VAR
AMS 5749 balls in the five-ball tester does not present a clear effect of
retained austenite on fatigue life. As shown in Table 4 and Fig. 3, the
intermediate level (11. 1 percent) gave the longest life with apparent
statistical significance when compared to the highest level where the
confidence number is 95 percent or 2Q confidence. For the lowest level
of retained austenite, the confidence number is 87 percent. Thus it is
apparent that the high level of retained austenite, 14.6 percent, is
significantly detrimental to the 10-percent fatigue life, relative to the
11. 1 percent level.
At the 50-percent life level, a trend toward increased life with de-
creased retained austenite is suggested. It should be noted that an
unusually high Weibull slope exists in the lot B failure distribution.
The reason for this high slope along with the relatively long lifC,
 of this
lot is not understood; however, it is of interest to note that relatively
early failures did not occur at. this retained austenite level. ConUidering
the life rankings at both the 10-percent and the 50-percent life levels,
a trend toward increased rolling-element fatigue life with decreased
retained austenite may be suggested, but the confidence that all the
experimental differences are significant is not great.
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_	 in Fig. 4. This data is compared with the VIM-VAR data in Fig. 7
and in Table 4. At the 10-percent life level, the improvement in life
with the double-vacuum melting process, VIM-VAR is from 14 to 28
times that of the VIM process alone with AMS 5749 steel. The VAR
process, which is a consumable-electrode-vacuum-arc remelting pro--
cess, undoubtedly promotes additional cleanliness and uniformity of
the VIM ingot and as a result, much superior fatigue life.
The VIM-VAR process has also been shown to produce AISI M-50
steel superior to that produced by air melt-VAR, air melt-electroslag
remelting or VIM-electroslag-remelting [2]. The life improvements
with the improved AISI M-50, although significant, have not been as
large as these results with AMS 5749.
It should also be noted that the slopes of the Weibull lines through
the VIM-VAR AMS 5749 data are very high relative to that of the VIM
data, indicating greater uniformity and homogeneity of the double-
vacuum melted steel.
Comparison with VIM-VAR AISI M-50
The results of the fatigue tests with VIM-VAR AISI M-50 balls in
the five-ball tester are shown in Fig. 6. The data is compared with
that of the VIM-VAR AMS 5749 in Fig. 7 and Table 4. At the 10-percent
life level, VIM-VAR AMS 5749 gave lives from 6 to 12 times greater
than AISI M-50. Confidence numbers are greater than 99 percent when
compared to all three lots of AMS 5749.
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The results of the fatigue tests in the rolling-contact (RC) fatigue
tester with three lots of VIM-VAR AMS 5749 bars are shown in Fig. 5.
Ten-percent lives are very similar and indicate no significant life
differences among the three material heats as shown in Table 5.
The data for the three lots were combined and treated as a single
lot of 36 fatigue failures for comh^,, ison with similar data with
VIM-VAR AISI M-50 test, bars trorr: [ 9 1. ?n 19 i four separate heats
(lots) of VIM -VAR AISI M-50 were tested in PC tests under conditions
identical to those reported herein for thE^ ?MS 5749 bars. The data
from these four lots were also combined and 'heated as a single lot of
data of 48 fatigue failures.
The results of the combined lot analyses for both materials is
summarized in Table 5. The combined 10-percent life with VIM-VAR
AMS 5749 is only slightly greater than that with VIM-VAR AISI M-50.
The confidence number is only 76 percent, which indicates a statistically
insignificant difference.
The difference between the RC test results and those from the five-
r
ball tests warrants further discussion. In the five-ball tests, AMS 5749
was much superior to AISI M-50, whereas in the RC tests, the differ-
ence between the two materials was insignificant.
The hardness of the RC bars of both materials was nearly identical.
The AISI M-50 balls were only slightly lower (Table 3) than the AMS 5749
balls. This difference of less than one point Rockwell C is not expected
to induce such a large fatigue life difference.
11
As noted in Table 3, the retained austenite content of the AISI M-50
balls was 2. 1 percent. The influence of the difference in retained
austenite from the higher levels of the three lots of AMS 5749 to that
of the AISI M-50 is not known. Because of the relatively small differ-
ences in fatigue life with the three levels of retained austenite, one
would not expect that .he large difference in life between the two mate-
rials could be attributed to retained austenite differences. However,
these retained austenite levels were significantly greater than that of
the AISI M-50. Thus the possibility exists that the life difference be-
tween the VIM-VAR AMS 5749 and the VIM-VAR AISI M-50 may be
partly due to the retained austeni±e difference.
It may be expected that the superiority of AMS 5749 in the five-ball
tests may be attributed to its better corrosion and oxidation resistance
when compared to AISI M-50. Corrosion and oxidation resistance may
be mure significant in the five-ball tests than in the RC tests because
of the greater sliding and higher stress in the concentrated contact of
the five-ball tests. These effects have not been confined experimentally.
SUMMARY OF RESULTS
The rolling-element fatigue lives of AMS 5749 and AISI M-50 were
compared in tests run in the five-ball fatigue tester and the rolling-
contact (RC) fatigue tester. In the five-ball tests, 1.27-cm (1/2-in.)
diameter balls were tested at a max_mum Hertz stress of 5520 MPa
(800 000 psi), a contact angle of 300 , and a shaft speed of 10 000 rpm.
These tests were run at a race temperature of 340 K (150 0
 F) with a
super-refined naphthenic mineral oil as the lubricant. In the RC tests,
i=
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bars were run at a maximum Hertz stress of 4830 MPa (700 000 psi),
a test bar speed of 10 000 rpm, and room temperature with a MIL-L-
7808F lubricant. The effects of double vacuum melting and retained
austenite on the rolling-element fatigue life of AMS 5749 were also
determined in the five-ball tests. The following results were obtained:
1. Double vacuum melted (VIM-VAR) AMS 5749 steel balls gave
lives from 6 to 12 times that of VIM-VAR AISI M I steel balls in the
five-ball fatigue tester. Similar tests in the rolling-contact (RC)
fatigue tester showed no significant difference in the lives of the two
materials .
2. Vacuum induction melted, vacuum arc remelted (VIM-VAR)
AMS 5749 steel gave rolling-element fatigue lives at least 14 times
that of vacuum induction melted (VIM) AMS 5749.
3. A trend toward increased rolling-element fatigue life with de-
creased retained austenite is apparent, but the confidence that all the
experimental differences are significant is not great. The highest
level of retained austenite, 14.6 percent is, however, significantly
detrimental to rolling-element fatigue life, relative to the intermeuiate
level of 11. 1 percent.
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TABLE 1. - TYPICAL CHEMICAL
COMPOSITIONS OF TEST MATERIALS
r-----	 ---	 i
Material	 Chemical composition,
percent b we igh t*"I^	 Y ^i
C Si Mn C r Mo ' V
AMS 5745 1.15 0.3010. 50 14.5 4.0 1.2
AISI M-50 ` 0.85 0. 2510.35 4.0 4.25 , 1.0
AISI 440C 11.00 i 0. 50(0.50 117.0 1 0.5 j ---
I
aBalance Fe.
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TABLE 2. - HEAT TREATMENT OF THE TEST MATERIALS
(a) Test Balls
O
i
Heat treatment Material
AMS 5749 Lot AISI M-50
A B C D
Preheat 1088 K (15000 F)
Harden In salt at 1423 K (21000 F)a 1403 K (2065° F)
Quench In oil at 339 K (1500 F) In molten salt
at 825 K (10250
 F)
Air cool To room temperature To below
339 K (1500 F)
Temper 422 K (3000 F) for 1 hair 811 K (10000 F)
for 2 hours
Deepfreeze 200 K (-1000
 F)for 15 minutes 183 K (-1300 F)
for 1.5 hours
Temper 797 K (9750
 F) for 2 hours; air cool to 811 K (10000 F)
room temperature; repeat for 2 hags
Temper -- 797 K (9750 F) 797 K (9750 F) - 797 K (9750 F)
for 2 hours; for 2 hours; for 2 hours;
air cool to air cool to air cool to
room temperature room temperature; room temperature
repeat twice
aCurrent recommendation 1394 K (2050 0 F) in salt.
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Figure 1. - Test apparatus.
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Figure 2. - Rolling-contact (RC) fatigue tester,
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Figure 3. - Rolling-element fatigue life of 1.27-cm- (0.500-
Inch-) diameter VIM-VAR AMS 5749 steel balls in the five-
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(800 000 psi F, contact angle, 3fP; shaft speed, 10 000 rpm;
race temperature. 340 K (1500 F.
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test bars in the rolling-contact fatigue tester. Maximum
Hertz stress, 4830 MPa (700 000 psiF test bar speed, 10 ODO
rpm; room temperature.
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